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(54) Reflective liquid crystal display with light diffusion layer 

(57) A reflective liquid crystal display and a light dif- 
fusion reflector are provided, comprising at least one 
light diffusion layer (5) and a reflector (1) having one or 
two reflection angles which exhibit maximums in an 
angle-dependent distribution curve of reflected light 
intensity which is generated when light is irradiated on 
the reflector surface from a direction at an angle of -45 
degrees from a normal line to the reflector surface, in 
which at least one angle exhibiting the maximum devi- 
ates by at least 5 degrees from the angle of +45 
degrees from the normal line to the reflector surface. 
The reflective liquid crystal display exhibits a bright 
image and an excellent visibility of images. 
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Description 

The present invention relates to a reflective liquid 
crystal display comprising a light diffusion layer and a 
reflector having specific distribution characteristics of 
reflected light intensity, and relates to a light diffusion 
reflector comprising said reflector and a light diffusion 
layer. 

In these days, liquid crystal displays have been 
used in various fields, for example, notebook type word 
processors, personal computers, electronic pocket data 
books, portable information terminals, amusement 
equipment, stationery goods, portable telephones, and 
the like. In particular, reflective liquid crystal displays are 
widely used for portable equipment. 

As reflective liquid crystal displays, those having 
the structure followed in the order of "a first polarizer, a 
liquid crystal cell, a second polarizer and a reflector" 
(.wherein a twisted nematic (TN) cell or a super twisted 
nematic (STN) cell is employed as the liquid crystal 
cell), and those having the structure followed in the 
order of "a liquid crystal cell and a reflector" (, wherein a 
guest-host (GH) cell is employed as the liquid crystal 
cell) have been used. 

However, their reflective liquid crystal displays can 
not give a sufficient bright image and a sufficient visibil- 
ity of images when the images are viewed from a spe- 
cific angle wherein the reflection of external light on the 
outermost surface, for example, on the first polarizer 
surface is avoided. 

The present inventors have been intensely 
researched for a reflective liquid crystal display exhibit- 
ing a bright image and having an excellent visibility of 
images, and as a result found that a reflective liquid 
crystal display exhibiting a bright image and having an 
excellent visibility of images is obtained by combining a 
reflector having specific distribution characteristics of 
reflected light intensity with a light diffusion layer. The 
present invention has been accomplished on the basis 
of the above findings. 

Thus, the present invention provides a reflective liq- 
uid crystal display and a light diffusion reflector compris- 
ing at least one light diffusion layer and a reflector 
having one or two reflection angles which exhibit maxi- 
mums in an angle-dependent distribution curve of 
reflected light intensity which is generated when light is 
irradiated on the reflector surface from a direction at an 
angle of - 45 degrees from a normal line to the reflector 
surface, in which at least one angle exhibiting the maxi- 
mum deviates by at least 5 degrees from the angle of 
^45 degrees from the nor mal li ne to the refle ctor sur- 
face. 

The present invention also provides a reflective liq- 
uid crystal display comprising the above-described 
reflector and at least one light diffusion layer selected 
from a light diffusion layer, which comprises a resin and 
an inorganic fine particle and/or an organic fine particle, 
and a light diffusion layer which scatters the incident 



light from a direction at a specific angle. 

Further, the present invention provides a light diffu- 
sion reflector comprising the above-descried reflector 
and at least one light diffusion layer selected from a light 
5 diffusion layer, which comprises a resin and an inor- 
ganic fine particle and/or an organic fine particle, and a 
light diffusion layer which scatters the incident light from 
a direction at a specific angle. 

The reflective liquid crystal display of the present 
10 invention and the reflective liquid crystal display 
obtained by using the light diffusion reflector of the 
present invention; both exhibit a bright image and an 
excellent visibility of images even when the images are 
viewed from an angle wherein reflection of external light 
is is avoided. 

Fig. 1 is a view showing relation between an angle 
of incident light to a reflector and an angle of reflected 
light thereof to the reflector. 

Figs. 2 to 5 are perspective views respectively 
20 showing each one example of a reflector of in present 
invention. 

Figs. 6 to 9 are sectional views respectively show- 
ing each one example of a reflector of in present inven- 
tion. 

25 Fig. 10 is an angle-dependent curve of reflected 
light intensity of a light diffusion reflector obtained in 
Example 4. 

Fig. 11 is a longitudinal sectional view showing 
structure of a reflective STN liquid crystal display 

30 obtained in Example 5. 

Fig. 12 is a longitudinal sectional view explaining 
arrangement of a light diffusion layer in a reflective STN 
liquid crystal display obtained in Example 5. 

The reflector in the present invention has one or two 

35 reflection angles which exhibit maximums in an angle- 
dependent distribution curve of reflected light intensity 
which is generated when light is irradiated on the reflec- 
tor surface from a direction at an angle of - 45 degrees 
from a normal line to the reflector surface, in which at 

40 least one angle exhibiting the maximum deviates by at 
least 5 degrees from the angle of +45 degrees from the 
normal line to the reflector surface. The angle-depend- 
ent distribution curve of reflected light intensity, which is 
generated when light is irradiated on the reflector sur- 

45 face from a direction at an angle of - 45 degrees from a 
normal line to the reflector surface, is a curve obtained 
by plotting an intensity of a reflected light against an 
angle of the reflected light when light is irradiated onto 
the reflector from a direction at an angle of - 45 degrees 

so from the normal line. 

The ref le ctive characteristics, namely the distribu- 
tion (^araderisticslSnSlect^ 
reflector of the present invention and the reflector which 
is used in the reflective liquid crystal display of the 
55 present invention differ from those of the previous 
reflector of which the surface is plain. As shown in Fig, 
1 , when an incident angle of light on the reflector from a 
normal line to the reflector surface is represented by - 9 
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degrees (0 degree < |0| < 90 degrees), the regular 
reflection angle thereof is +9 degrees. The reflector in 
the present invention satisfies the following condition: 

When a distribution of reflected light intensity corre- 
sponding to the incidence angle of - e degrees is meas- s 
ured for each reflection angle, there are one or two 
reflection angle exhibiting a maximum intensity of 
reflected light and at least one reflection angle of 9' 
degrees exhibiting the maximum intensity of reflected 
light (0 degree < |9'| < 90 degrees) satisfies the relation- w 
ship | 9 - 9'| * 5 degrees. 

That is, when the distribution of reflected light inten- 
sity corresponding to the incidence angle of t for exam- 
ple, - 45 degrees is measured for each reflection angle , 
the reflector in the present invention has one or two is 
reflection angles which exhibit maximums in angle- 
dependent distribution curve of reflected light intensity, 
in which at least one angle exhibiting the maximum 
deviates by at least 5 degrees from the regular reflection 
angle thereof of +45 degrees. 20 

If |9 - 9'| degrees is less than 5 degrees, the visibility 
of the images deteriorates, since the glares caused by 
the reflection of external light on the outer surface of a 
liquid crystal display are also visible over the images, 
when the reflector is incorporated in the liquid crystal 25 
display and the screen is viewed from an angle at which 
the large reflected light intensity is obtained. 

When the number of the angles exhibiting the max- 
imums of the reflected light intensity is three or more, 
the reflected light intensity at an angle exhibiting each 30 
maximum decreases, since the reflected light is scat- 
tered. Thus, good visibility of the images cannot be 
expected, when the reflector having three or more 
reflection angles which exhibit maximums is incorpo- 
rated in a liquid crystal display. 35 

To reflect light properly, a slant angle is set on the 
surface of a reflector. When two or more light sources 
are used and the liquid crystal display is used with fixing 
the liquid crystal display and a viewing angle, light 
beams from two or more light sources are respectively 40 
reflected at different angles and are focused on the eye 
of a viewer. For this purpose, at least four different slant 
angles should be set on the reflector surface. In this 
case, the number of the angles exhibiting the maximum 
intensity of the reflected light is three or more. A spatial 45 
relationship between a light source and a liquid crystal 
display cannot be uniformly defined when the reflective 
liquid crystal display of the present invention is used for 
portable equipment. The liquid crystal display is used 
with setting a viewing angle in accordance with the so 
an gle of reflected light of the light source through the 
adjustment of the angle between the viewing direction 
and the surface of the liquid crystal display placed on a 
palm or a desk, so that the large reflection light intensity 
is obtained, wherever the light source is present. There- ss 
fore, for the improvement of the visibility, it is important 
to increase reflected light intensity as much as possible 
at the angles exhibiting the maximum intensity of the 



reflected light. Accordingly, the number of the angles 
exhibiting the above maximums should be one or two. 

Examples of the reflectors, which satisfy the rela- 
tionship of |0 - 6'| £ 5 degrees and have one or two 
reflection angles exhibiting the maximums in the distri- 
bution of the reflected light, are as follows: 

(1) A reflector, of which a surface part has a shape 
such that triangular prisms are arranged in adjacent 
to each other in their ridge directions and the verti- 
cal cross sections of the prisms to the ridge direc- 
tion form a saw-teeth shape consisting of triangles, 
and of which an angle of elevation of each triangle, 
that is, an angle between the oblique-side appear- 
ing on the cross section and the base-side of the tri- 
angle which is in parallel with the horizontal plane of 
the reflector, is 2.5 degrees or more. An example of 
this reflector is shown in Fig. 2 and Fig. 3. 

(2) A reflector, of which a surface part comprises 
depressions and/or projections which are densely 
formed over the entire reflector surface, with each 
of depression and/or projection having an asym- 
metric cross section at least in one direction, in 
which the depressions and/or projections have sub- 
stantially the same shape and are arranged in sub- 
stantially the same direction one another, and of 
which an angle between each depression or projec- 
tion and the surface of the reflector, that is, an ele- 
vation angle for the projection, or a depression 
angle for the depressions, is between 2.5 degrees 
and 90 degrees, preferably between 2.5 degrees 
and 45 degrees, more preferably between 2.5 
degrees and 10 degrees. An example of this reflec- 
tor is shown in Fig. 4. 

(3) A reflector, of which a surface part has a shape 
such that pyramids are clustered together with their 
base-sides being in contact with each other, all the 
pyramids have substantially the same shape and 
are arranged in the same direction one another, 
and the vertical cross sections of the pyramids to 
their-bases including the highest points of each pyr- 
amid arranged in the same direction form a saw- 
teeth shape consisting of congruent or similar trian- 
gles, and of which an elevation angle of each trian- 
gle, that is, an angle between the oblique-side and 
base-side of the triangle appearing in the above 
cross section, 2.5 degrees or more. An example of 
this reflector is shown in Fig. 5. 

In these reflectors, each of the above-described tri- 
angular prisms, depression part, projection part and 
pyramids may have an acute or roundlir^^liftr^tcfpT 

TTiese reflectors all have distribution characteristics 
of reflected light intensity such that the reflectors have 
one or two reflection angles which exhibit maximums in 
an angle-dependent distribution curve of the reflected 
light intensity which is generated when light is irradiated 
on the reflectors surface from a direction at an angle of 
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- 45 degrees from a normal line to the reflector surface, 
in which at least one angle exhibiting the said maximum 
deviates by at least 5 degrees from the regular reflection 
angle of 445 degrees from the normal line to the reflec- 
tor surface. 5 

A pitch of the triangles in the cross-section in the 
above-described reflector (1) and (3), namely the length 
of one-side of the triangles parallel to the surface of the 
reflector (horizontal surface), in other words, the length 
of base-side of the triangle, is not particularly restricted. 10 
The pitch is preferably in the range of from about 1 0 \um 
to about 500 \im because a regular shape can be 
formed, and streaks are less remarkable. When the 
pitch is less than about 10 urn, a regular form of the tri- 
angles is not easily obtained, and when it is over about is 
500 urn, the stripes are remarkable, undesirably. It is 
also preferable that the pitch of the projection and the 
depressions of the above-described reflector (2) is in 
the range of from about 10 \itr\ to about 500 \im. 

When reflector of the present invention is incorpo- 20 
rated in the liquid crystal display, a pitch of pixels of the 
liquid crystal cells and that of the triangles of the reflec- 
tor may interfere each other, so that a Moir6 pattern may 
be formed. To prevent the formation of the Moir6 pat- 
tern, it is practically preferable to : 25 

(a) allow the pitch of the pixels of the liquid crystal 
cells and that of the triangles of the reflector to coin- 
cide, 

(b) differ lengths of the base-sides, which is the 30 
pitch of the triangles of the reflector, of the adjacent 
triangles one another, or 

(c) allow the pitch of the triangles to be 100 ^im or 
less. 

35 

In Fig. 2 showing an example of the above- 
described reflector (1), the surface part thereof has a 
shape such that triangular prisms are arranged in adja- 
cent to each other in their ridge directions and the verti- 
cal cross sections of the prisms to the ridge direction 40 
form a saw-teeth shape consisting of triangles, and the 
elevation angle of the triangle is 7.5 degrees and 90 
degrees and the apex angle is 82.5 degrees. In Fig. 3 
showing another example of the above-described 
reflector (1), the surface part thereof has a shape such 45 
that triangular prisms are arranged in adjacent to each 
other in their ridge directions and the vertical cross sec- 
tions of the prisms to the ridge direction form a saw- 
teeth shape consisting of isosceles triangles, and the 
elevation angle of the triangle is 7.5 degrees and the 50 
apex angle is 165 degrees. 

IfTthe ref lectbr~(2)7it is necessary that ciepressiohs 
and projections are formed densely over the entire 
reflector surface. When the surface part of the reflector 
has a small number of the depressions and projections 55 
and has a lot of plane parts, the effect of the present 
invention does not tend to be obtained. The shape of 
the depression or projection is such that the cross sec- 



tion in at least one direction has asymmetrical form. 
Symmetrical depression and projection such as semi- 
sphere shape of which the cross section in any direction 
shows semi-circle shape are not preferable. The oblique 
face of the depression and projection may be a curved 
face (, for example, as shown in Figs. 6 and 7) or a 
straight face (, for example, as shown in Figs. 8 and 9). 

In Fig. 5 showing the reflector (3), the surface part 
thereof has a shape such that pyramids are clustered 
together with their base-sides being in contact with each 
other, all the pyramids have substantially the same 
shape and are arranged in the same direction one 
another, and the vertical cross sections of the pyramids 
to their-bases including the highest points of each pyra- 
mid arranged in the same direction form a saw-teeth 
shape consisting of congruent or similar triangles, and 
the elevation angle of the triangle is 7.5 degrees and the 
apex angle is 165 degrees. 

Examples of the substrate of the reflector of the 
present invention include plastic films such as a polyeth- 
ylene terephthalate film, a polyester film, a polycar- 
bonate film, a polyacryl film and a polyolefin film, metal 
plates such as an aluminum plate and a copper plate, 
and glass plates and the like. 

TTie thickness of the substrate, excluding height of 
the unevenness in the reflector, is not particularly 
restricted and, for example, is in the range of from about 
10fimto about 5 mm. 

Examples of the method for forming the surface of 
the reflector substrate in the above-described shape are 
as follows: 

A method comprising forming a negative shape of a 
desired one on a roll, and forming the shape on the sub- 
strate surface using the roll by a roll transfer method. 

A method comprising forming a negative shape of a 
desired one on a roll, applying and filling an ultraviolet 
ray or an electron-beam curable resin in the depres- 
sions of the negative shape on the roll, supplying the 
substrate film on the roll with the liquid resin between 
them, irradiating ultraviolet ray or electron-beam to cure 
and adhere the curable resin on the substrate film, and 
removing the substrate film, to which the cured resin is 
adhered, from the roll ( see Japanese Patent Applica- 
tion Laid-Open (JP-A) No.3-223883 and JP-A-6- 
324205). 

A solvent casting method comprising forming a 
negative shape of a desired shape on a casting belt, 
and imparting the desired shape to the substrate during 
casting. 

On the substrate surface of the reflector, a light 
reflection layer is usually provided for preventing trans- 
"Tnission dl^iradehtlgfitWouglf theref lector andfor 
allowing desirable reflection. For providing a light reflec- 
tion layer, metal having high reflectance such as alumi- 
num and silver may be vapor-deposited on the 
substrate. A method for vapor-depositing the metal hav- 
ing high reflectance is not particularly restricted provid- 
ing the distribution characteristics of the reflected light 
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intensity on the reflector surface do not change by the 
vapor-deposition and the condition of |9-0'|*5 degrees 
is satisfied. For example, any conventional method, 
which is employed for forming a metal film, such as a 
vacuum vapor-deposition method, sputtering method 5 
and ion-plating method can be suitably selected for use 
depending on the kind of the substrate. A thickness of 
the deposited metal layer is not restricted and is usually 
in the range of from about 50 nm to about 100 nm. 

When the vapor-deposition is conducted using sil- 10 
ver as metal having high reflectance, a protective layer 
may be preferably provided on the surface of the vapor- 
deposited layer for preventing degradation of the vapor- 
deposited layer. 

The protective layer is not particularly restricted, 15 
and examples thereof include coated films of an acryl 
resin, an epoxy resin, a polyester resin, an urethane 
resin or an alkyd resin. The protective layer can be 
applied by common methods such as a roll coating 
method, a gravure coating method and a spray coating 20 
method. A film of an inorganic substance such as Si0 2 
can be used, as well. A thickness of the protective layer 
is not particularly restricted, and is usually in the range 
of from about 5 nm to about 10 nm. 

When a metal plate having high reflectance such as 25 
an aluminum plate is used as a substrate of the reflec- 
tor, the light reflection layer may be provided on the sur- 
face thereof for further improving the reflectance, 
however, it may also be used as a reflector as it is with- 
out proving the light reflection layer. 30 

In the reflective liquid crystal display and the light 
diffusion reflector of the present invention, a light diffu- 
sion layer is provided on the observed side of the reflec- 
tor for suitably scattering a reflected light from the light 
reflection layer or from the reflector surface. The light 35 
diffusion layer in the present invention can be provided 
by, for example, a method in which a fine particle is 
applied using a resin binder, a method in which a haze 
film is placed and the like. 

When a light diffusion layer is placed by the method 40 
in which a fine particle is applied using a resin binder, 
examples of the fine particle include inorganic fine par- 
ticles such as silica, calcium carbonate, pearl pigments 
such as natural mica or synthetic mica having a surface 
coated with titanium oxide and fine particles having 45 
pearl-like gloss such as plate-form scale foil and hexag- 
onal plate-form basic lead carbonate; and organic fine 
particles such as acrylic beads such as a polymethyl 
methacrylate bead, polystyrene-based beads such as a 
cross-linked polystyrene bead, polycarbonate-based so 
beads, melamine-formalin-based beads, benzoguan- 



more. 

The resin binder is not particularly restricted, and 
examples thereof include acrylic resins, urethane- 
based resins, epoxy-based resins, polyester-based res- 
ins, alkyd resins and the like. These resin binders may 
have an adhesive property. 

TTie combination of the fine particle with the resin 
binder is suitably selected, and may be preferably 
selected so that a difference in refractive indexes of 
them is in the range of from about 0.01 to about 0.5. The 
mixing ratio of the fine particle to the resin binder is not 
restricted and an amount to be used of the fine particle 
is usually in the range of from 0.01 to 70 parts by weight 
based on 100 parts by weight of the resin binder. 

When the fine particle is applied using the resin 
binder, for example, the fine particle and the resin 
binder are mixed, and then, the applying may be con- 
ducted by a common method such as a roll coating 
method, a gravure coating method and a spray coating 
method. A thickness of the light diffusion layer is usually 
in the range of from about 1 nm to about 100 nm, pref- 
erably of from about 5 nm to about 50 nm. 

When a light diffusion layer is placed by the method 
in which a haze film is placed, the haze film is not partic- 
ularly restricted providing a haze value thereof is in the 
range of from about 5% to about 99%. The light diffu- 
sion layer can be made of the same kind of the inorganic 
fine particle and/or organic fine particle, and the same 
kind of the resin. Examples of the film include follow- 
ings: a film obtained by casting the resin prepared by 
mixing the inorganic fine particle and/or organic fine 
particle, a film obtained by applying, on the surface of a 
film, the resin prepared by mixing the inorganic fine par- 
ticle and/or organic fine particle, a film obtained by sub- 
jecting the surface of the above films to emboss 
treatment, and in addition, a film obtained by heat-cur- 
ing or light-curing of a mixture of resins having different 
refractive indexes, and the like. A thickness of the haze 
film is not particularly restricted providing hazing can be 
manifested, and is usually in the range of from about 1 
nm to about 1 mm. A method for placing the haze film is 
not particularly restricted, and the film may be placed, 
for example, by a common method used when an 
acrylic adhesive is placed. 

When a light diffusion layer is placed by a method in 
which a haze film is placed, it is preferably to use a film 
which scatters a incident light from specific incident 
angles, as the light diffusion layer. Examples of the pref- 
erable film include a film obtained by heat-curing or 
light-curing a mixture of resins having a different refrac- 
tive index and the films which are described, for exam- 



amine-formalin-based beads, organic silica-based 
beads; and the like. A particle size of the fine particle is 
not particularly restricted and is usually in the range of 
from about 0.5 nm to about 50 nm. preferably of from 
about 1 nm to about 20 nm, more preferably of from 
about 1 nm to about 10 nm. Such fine particles are 
respectively used alone or in combination of two or 



pie, in Japanese^Pat^rA^liratioiTLaid : Opefr(JP r A)~ 
No. 3-107901 can be used, preferably. As the commer- 
cially available films, for example, T_UMISTY''manufac- 
55 tured by Sumitomo Chemical Co., Ltd., and the like are 
listed. A light diffusion layer made from such a film can 
scatter a light from specific incident angles, and can 
allow a light from other angles to transmit as it is. This 
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specific incident angles is influenced by a light scatter- 
ing ability determined by a composition of the haze film 
and the like, and the light scattering ability is specific to 
the composition of the haze film and the like. The extent 
of the ability can be suitably set by selecting the compo- 
sition and the like of the film depending on a purpose for 
use of a liquid crystal display in which the haze film is 
incorporated. 

The light diffusion layer made from the film which 
scatters an incident light from specific incident angles is 
usually placed so that only an incident light to the reflec- 
tive liquid crystal display can be scattered. Since the 
reflective liquid crystal display is often used so that a 
light from upper side of the screen is let in, it is usually 
placed so that an incident light from angles tilted about 
25 degrees to about 60 degrees from normal line to the 
display can be scattered. 

It may also be permissible that two light diffusion 
layers made from the film which scatters an incident 
light from specific incident angles are used and one of 
them is placed to scatter a light from left upper side to 
the screen and the other one is placed to scatter a light 
from right upper side to the screen. 

The film which scatters an incident light from spe- 
cific incident angles is preferably placed so that a direc- 
tion of a haze-change-axis of the haze film is adjusted to 
that of the above-described ridge of the reflector. The 
haze-change-axis represents an axis such that the dif- 
ference between a maximal haze value and a minimal 
haze value becomes the largest one wherein these 
haze values are measured when the film is rotated 
around the axis. In other words, the film is preferably 
placed so that an orthographic projection to the f ilm-sur- 
face of a certain incident light substantially meets the 
direction of the above-described ridge of the reflector at 
right angles, wherein the certain incident light allows the 
scattered light intensity thereof to be maximal and 
allows an elevation angle of the incident light to the film- 
surface to be the largest one. 

In the present invention, the light diffusion layer may 
be placed as a single layer or multiple layers, and in the 
case of multiple layers, each layer thereof may be the 
same one or a different one and, for example, it may be 
a layer obtained by applying the fine particle using the 
resin binder on the surface of the haze film such as the 
film which scatters an incident light from specific inci- 
dent angles. The position and conformation of the light 
diffusion layer are not particularly restricted, and the 
light diffusion layer may be provided, for example, 
directly on the surface of the reflector, or may be pro- 
vided as a part constituting the reflective liquid crystal 
display oflhepresent invention, or may be^incorporated 
as a film into the reflective liquid crystal display. 

The reflective liquid crystal display of the present 
invention comprises the above-described reflector and 
the light diffusion layer, and by installing the above- 
described reflector and the light diffusion layer to a TN 
type liquid crystal display, STN type liquid crystal dis- 



play, GH type liquid crystal display and the tike, a reflec- 
tive liquid crystal display having a bright image and an 
excellent visibility of images is obtained. 

Examples of conformation of the reflective liquid 
5 crystal display of the present invention include, but are 
not limited to, the followings; 
(, in the followings, "A/B" represents A is followed by B, ) 

a polarizer/a light diffusion layer/a TN cell/a polar- 
10 izer/a reflector, 

a polarizer/a light diffusion layer/a TN cell/a polar- 
izer/a light diffusion layer/a reflector, 
a polarizer/a TN cell/a polarizer/a light diffusion 
layer/a reflector, 
is a polarizer/a TN cell/a polarizer/a light diffusion 
layer/a light diffusion layer/a reflector, 
a polarizer/a light diffusion layer/a phase retarder/a 
STN cell/a polarizer/a reflector, 
a polarizer/a light diffusion layer/a phase retarder/a 
20 STN cell/a polarizer/a light diffusion layer/a reflec- 
tor, 

a polarizer/a phase retarder/a STN cell/a polar- 
izer/a light diffusion layer/a reflector, 
a polarizer/a phase retarder/a STN cell/a polar- 
25 izer/a light diffusion layer/a fight diffusion layer/a 
reflector, 

a light diffusion layer/a GH cell/a reflector, 
a GH cell/a light diffusion layer/a reflector, 
a light diffusion layer/a polarizer/a TN cell/a polar- 
30 izer/a reflector and 

a light diffusion layer/a polarizer/a phase retarder/a 
STN cell/a polarizer/a reflector. 

In the above-described conformations, the light dif- 

35 fusion layer may be the multiple layers comprising a 
light diffusion layer which scatters an incident light from 
specific incident angles and other kind of the above- 
described light diffusion layer. When two of more light 
diffusion layers are used, all of them may be light diffu- 

40 sion layers which scatters an incident light from specific 
incident angles or other kind of the above-described 
light diffusion layers, or each of them may be respec- 
tively a different kind of layer. 

In the above-described conformations, one or more 

45 optical functional films such as a phase retarder and a 
vision compensating film may be placed on the upper 
surface and/or lower surface of the liquid crystal cell. 

The reflective liquid crystal display of the present 
invention and the reflective liquid crystal display 

so obtained by using the light diffusion reflector of the 
present invention exhibit a bright image and an excel- 
lent visibility of images even when ~tfie~images are 
viewed from an angle wherein reflection of external light 
is avoided. 

55 

EXAMPLE 

The following examples further illustrate the present 
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invention in detail but do not limit the scope thereof. 
Example 1 

A reflector was obtained by vapor-depositing alumi- 
num ( thickness of the vapor-deposition : 60 nm ) on a 
plastic sheet (manufactured by Dai Nippon printing Co., 
Ltd.) of which the surface part has a shape such that tri- 
angular prisms having substantially the same form are 
arranged in adjacent to each other in their ridge direc- 
tions and the vertical cross sections of the prism to the 
ridge direction form saw-teeth shape consisting of trian- 
gles, and of which the elevation angle is 7.5 degrees 
and the apex angle is 165 degrees of each triangle and 
the length of the pitch is 200 nm, as shown in Fig. 3. 
Onto the reflector, an acrylic resin having an adhesion 
property and containing 30% by weight of a pearl pig- 
ment (Iriodin: manufactured by Merck Corp.) was 
applied (thickness: 25 nm) to place a light diffusion 
layer. 

A light was irradiated, from a direction of an incident 
angle of -45 degrees from a normal line to the reflector 
surface, onto the resulted light diffusion reflector on 
which the light diffusion layer had been thus placed, and 
the angle-dependent distribution curve of reflected light 
intensity was measured to find that the reflector has the 
reflection angle, at which reflection light intensity is 
maximal, of +21 degrees from the normal line to the 
reflector surface in the curve. The deviation of the 
reflection angle with respect to the angle of +45 degrees 
from the normal line was 24 degrees. 

The above-obtained light diffusion reflector on 
which the light diffusion layer had been thus placed, and 
a polarizer (SG: manufactured by Sumitomo Chemical 
Co., Ltd.) were pasted together to obtain a reflective 
polarizer ( in which the conformation thereof is the 
polarizer/the light diffusion reflector). The resulted 
reflective polarizer was installed on one side of surface 
of a STN type cell, and on the opposite side, a phase 
retarder (SEF: manufactured by Sumitomo Chemical 
Co., Ltd.) and another polarizer (SG: manufactured by 
Sumitomo Chemical Co., Ltd.) were installed in this 
order, to obtain a reflective STN type liquid crystal dis- 
play ( in which the conformation thereof is the polar- 
izer/the phase retarder/the STN liquid crystal cell/the 
polarizer/the light diffusion reflector). This reflective 
STN type liquid crystal display was operated, and as a 
result, the image was bright and a visibility of images 
was excellent even when the images were viewed from 
an angle wherein reflection of external light was 
avoided. _._ 

Examples 2 

Silver was vapor deposited (thickness of the vapor- 
deposition : 60 nm) on the same plastic sheet as used 
in Example 1 to obtain a reflector. Onto this, an acrylic 
resin having an adhesion property and containing 15% 



by weight of cross-linked polystyrene beads having an 
average diameter of 4 nm was applied (thickness: 25 
jam) to place a light diffusion layer. 

A light was irradiated, from a direction of an incident 

5 angle of -45 degrees from a normal line to the reflector 
surface, onto the resulted light diffusion reflector on 
which the light diffusion layer had been thus placed, and 
the angle-dependent distribution curve of reflected light 
intensity was measured to find that the reflector has the 

10 reflection angle, at which reflection light intensity is 
maximal, of +21 degrees from the normal line to the 
reflector surface in the curve. The deviation of the 
reflection angle with respect to the angle of +45 degrees 
from the normal line was 24 degrees. 

is Ihe polarizers, the STN type cell, the phase 
retarder and the light diffusion reflector were installed in 
the same procedure as in Example 1 except that the 
light diffusion reflector obtained in this Example 2, on 
which the light diffusion layer had been thus placed, was 

20 used, to obtain a reflective STN type liquid crystal dis- 
play ( in which the conformation thereof is the polar- 
izer/the phase retarder/the STN liquid crystal cell/the 
polarizer/the light diffusion reflector). This reflective 
STN type liquid crystal display was operated, and as a 

25 result, the image was bright and a visibility of images 
was excellent even when the images were viewed from 
an angle wherein reflection of external light was 
avoided. 

30 Examples 3 

In the same procedure as in Example 2, an acrylic 
resin having an adhesion property and containing 10% 
by weight of cross-linked polystyrene beads having an 
35 average diameter of 1 .26 nm was applied (thickness: 25 
nm) instead of the acrylic resin containing 15% by 
weight of cross-linked polystyrene beads having an 
average diameter of 4 jim, to place a light diffusion 
layer. 

40 A light was irradiated, from a direction of an incident 
angle of -45 degrees from a normal line to the reflector 
surface, onto the resulted light diffusion reflector on 
which the light diffusion layer had been thus placed, and 
the angle-dependent distribution curve of reflected light 

45 intensity was measured to find that the reflector has the 
reflection angle, at which reflection light intensity is 
maximal, of +21 degrees from tine normal line to the 
reflector surface in the curve. The deviation of the 
reflection angle with respect to the angle of +45 degrees 

so from the normal line was 24 degrees. 

Th e polarizers, the STN type cell, the phase 
retarder and the light diffusion reflectoTvvere installed in 
the same procedure as in Example 1 except that the 
resulted light diffusion reflector obtained in this Example 

55 3, on which the light diffusion layer had been thus 
placed, was used, to obtain a reflective STN type liquid 
crystal display ( in which the conformation thereof is the 
polarizer/the phase retarder/the STN liquid crystal 
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cell/the polarizer/the light diffusion reflector). This 
reflective STN type liquid crystal display was operated, 
and as a result, the image was bright and a visibility of 
images was excellent even when the images were 
viewed from an angle wherein reflection of external light 
was avoided. 

Example 4 

A reflector was obtained by vapor-depositing silver 
( thickness of the vapor-deposition : 60 nm ) on a plastic 
sheet (manufactured by Dai Nippon printing Co., Ltd.) of 
which the surface part has a shape such that triangular 
prisms having substantially the same form are arranged 
in adjacent to each other in their ridge directions and the 
vertical cross sections of the prism to the ridge direction 
form saw-teeth shape consisting of triangles, and of 
which the elevation angle is 7.5 degrees and 90 
degrees, the apex angle is 82.5 degrees of each trian- 
gle, and the length of the pitch is 30 nm, as shown in 
Fig. 2. Onto the reflector, an acrylic resin having an 
adhesion property and containing 12% by weight of 
cross-linked polystyrene beads having an average 
diameter of 4 nm was applied (thickness: 25 *im) to 
place a light diffusion layer. 

A light was irradiated, from a direction of an incident 
angle of -45 degrees from a normal line to the reflector 
surface, onto the resulted light diffusion reflector on 
which the light diffusion layer had been thus placed, and 
the angle<Jependent distribution curve of reflected light 
intensity was measured. The resulted angle«Jependent 
distribution curve is shown in Fig. 10. As a result, it is 
found that the reflector has the reflection angle, at which 
reflection light intensity is maximal, of +21 degrees from 
the normal line to the reflector surface in the curve. The 
deviation of the reflection angle with respect to the 
angle of +45 degrees from the normal line was 24 
degrees. 

The polarizers, the STN type cell, the phase 
retarder and the light diffusion reflector were installed in 
the same procedure as in Example 1 except that the 
resulted light diffusion reflector obtained in this Example 
4, on which the light diffusion layer had been thus 
placed, and polarizers (SJ manufactured by Sumitomo 
Chemical Co., Ltd.) were used, to obtain a reflective 
STN type liquid crystal display ( in which the conforma- 
tion thereof is the polarizer/the phase retarder/the STN 
liquid crystal cell/the polarizer/the light diffusion reflec- 
tor). This reflective STN type liquid crystal display was 
operated. As a result, the image was bright, a visibility of 
images was excellent and a Moir6 pattern was not 
- observed even wheniheimages wereviewedfrom an 
angle wherein reflection of external light was avoided. 

Example 5 

A reflector was obtained by vapor-depositing silver 
( thickness of the vapor-deposition : 60 nm ) on the 



same plastic sheet as used in Example 4. This reflector 
1, and layers and plates as described below were 
placed in the order as shown in Fig. 1 1 . That is, a polar- 
izer 2 (SJ: manufactured by Sumitomo Chemical Co., 

5 Ltd.) and the reflector 1 were installed in this order on 
one side of surface of a STN cell 3 via an acrylic adhe- 
sive, and on the opposite side, a phase retarder 4 (SEF: 
manufactured by Sumitomo Chemical Co., Ltd.), a light 
diffusion layer 5 in the form of a film which scatters an 

10 incident light from specific incident angles ("LUMISTY" 
LCY-0555: manufactured by Sumitomo Chemical Co., 
Ltd.) and another polarizer 6 (SJ: manufactured by 
Sumitomo Chemical Co., Ltd.) were placed in this order 
to obtain a reflective STN type liquid crystal display 7 ( 

is in which the conformation thereof is the polarizer/the 
light diffusion layer/the phase retarder/the STN liquid 
crystal cell/the polarizer/the reflector). This reflective 
STN type liquid crystal display 7 was installed as shown 
in Fig. 12, so that the reflector 1 could have a maximal 

20 value of reflected light intensity in a direction 10 at an 
angle of +21 degrees from a normal line 9 to the reflec- 
tor 7 when an incident light 8 was irradiated on the 
reflector 7 from a direction at an angle of -45 degrees 
from the normal line 9 t and the light diffusion layer 5 in 

25 the form of a film could scatter the incident light 8. This 
reflective STN type liquid crystal display was operated. 
As a result, the image was bright, a visibility of images 
was excellent and a Moir6 pattern was not observed 
even when the images were viewed from the direction 

so 10 at an angle wherein reflection of external light was 
avoided. 

Example 6 

35 A reflector was obtained by vapor-depositing silver 
( thickness of the vapor-deposition : 60 nm ) on the 
same plastic sheet as used in Example 4. Onto this, a 
light diffusion layer in the form of a film which scatters an 
incident light from specific incident angles ("LUMISTY" 

40 LCY-0555: manufactured by Sumitomo Chemical Co., 
Ltd.) was placed so that a direction of the haze-change- 
axis of the haze film LUMISTY LCY-0555 is adjusted to 
that of a ridge direction of the reflector, to obtain a light 
diffusion reflector. 

45 A glass plate having a thickness of 1.1 mm was 
placed on the resulted light diffusion reflector, and then, 
a light was irradiated from direction of an incident angle 
of - 45 degrees to a normal line onto the light diffusion 
reflector. The angle-dependent distribution curve of 

so reflected light intensity was measured to find that the 
reflector has the reflection angle, at which reflection 

~ light intensity ismaximaC of ^llJegree^ff^thi^nor^ 
mal line to the reflector surface in the curve. The devia- 
tion of the reflection angle with respect to the angle of 

55 +45 degrees from the normal line was 24 degrees. 

The fight diffusion reflector could reflect the incident 
light with a large intensity and, therefor, when a liquid 
crystal display obtained by using this reflector is oper- 
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ated, the image is bright, a visibility of images is excel- 
lent and a Moir6 pattern is not observed even when the 
images are viewed from an angle wherein reflection of 
external light is avoided. 

Claims 

1 . A reflective liquid crystal display comprising at least 
one light diffusion layer and a reflector having one 
or two reflection angles which exhibit maximums in 
an angle-dependent distribution curve of reflected 
light intensity which is generated when light is irra- 
diated on the reflector surface from a direction at an 
angle of - 45 degrees from a normal line to the 
reflector surface, in which at least one angle exhib- 
iting the maximum deviates by at least 5 degrees 
from the angle of +45 degrees from the normal line 
to the reflector surface. 

2. The display according to Claim 1 , wherein the light 
diffusion layer comprises an inorganic fine particle 
and/or organic fine particle, and a resin binder. 

3. The display according to Claim 1 or 2, wherein the 
light diffusion layer comprises a film which scatters 
an incident light from specific angles. 



wherein the reflector is a reflector of which a sur- 
face part has a shape such that pyramids are clus- 
tered together with their base-sides being in contact 
with each other, all the pyramids have substantially 

5 the same shape and are arranged in the same 
direction one another, and the vertical cross sec- 
tions of the pyramids to their-bases including the 
highest points of each pyramid arranged in the 
same direction form a saw-teeth shape consisting 

10 of congruent or similar triangles, and of which an 
elevation angle of each triangle is 2.5 degrees or 
more. 

9. The display according to any one of Claims 1 to 8, 
15 wherein the display has a liquid crystal cell being 

sandwiched between the light diffusion layer and 
the reflector. 

10. The display according to any one of Claims 1 to 9, 
20 wherein the light diffusion layer is directly placed on 

the surface of the reflector. 

11. TTie reflective liquid crystal display according to 
Claim 10, wherein the light diffusion layer is directly 

25 placed on the surface of a reflector obtained by pro- 
viding a reflection layer on a substrate. 



4. The display according to Claim 1, 2 or 3, wherein 
the reflector is a reflector obtained by providing a 
reflection layer on a substrate. 30 

5. The display according to Claim 1 , 2, 3 or 4, wherein 
the reflector comprises a metal plate having high 
reflectance. 

35 

6. The display according to any one of Claims 1 to 5, 
wherein the reflector is a reflector of which a sur- 
face part has a shape such that triangular prisms 
are arranged in adjacent to each other in their ridge 
directions and the vertical cross sections of the 40 
prisms to the ridge direction form a saw-teeth 
shape consisting of triangles, and of which an angle 

of elevation of each triangle is 2.5 degrees or more. 

7. The display according to any one of Claims 1 to 5, 45 
wherein the reflector is a reflector of which a sur- 
face part comprises depressions and/or projections 
which are densely formed over the entire reflector 
surface, with each of depression and/or projection 
having an asymmetric cross section at least in one so 
direction, in which the depressions and/or projec- 

tions~ITave^b&aritialln^ 
arranged in substantially the same direction one 
another, and of which an elevation angle for the pro- 
jection or a depression angle for the depressions, is ss 
between 2.5 degrees and 90 degrees. 

8. The display according to any one of Claims 1 to 5, 



1 2. The display according to any one of Claims 1 to 1 1 , 
wherein the display has a polarizer. 

13. The display according to any one of Claims 1 to 12, 
wherein the display has a liquid crystal cell selected 
from a twisted nematic cell, super twisted nematic 
cell and guest host type cell. 

14. The reflective liquid crystal display according to any 
one of claims 3 to 13, wherein the light diffusion 
layer is placed so that a direction of a haze-change- 
axis of the film which scatters an incident light from 
specific incident angles, is adjusted to a ridge direc- 
tion of the reflector. 

15. A light diffusion reflector comprising at least one 
light diffusion layer and a reflector having one or 
two reflection angles which exhibit maximums in an 
angle-dependent distribution curve of reflected light 
intensity which is generated when light is irradiated 
on the reflector surface from a direction at an angle 
of - 45 degrees from a normal line to the reflector 
surface, in which at least one angle exhibiting the 
maximum deviates by at least 5 degrees from the 
ahgle~dfiF45 degrees from ~the~normaliine~to~the 
reflector surface, wherein the light diffusion layer 
comprises an inorganic fine particle and/or an 
organic fine particle, and a resin. 

16. A light diffusion reflector comprising at feast one 
light diffusion layer and a reflector having one or 
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two reflection angles which exhibit maximums in an 
angle-dependent distribution curve of reflected light 
intensity which is generated when light is irradiated 
on the reflector surface from a direction at an angle 
of • 45 degrees from a normal line to the reflector 5 
surface, in which at least one angle exhibiting the 
maximum deviates by at least 5 degrees from the 
angle of +45 degrees from the normal line to the 
reflector surface, wherein the light diffusion layer 
comprising a layer which scatters the incident light w 
from specific angles. 

1 7. The light diffusion reflector according to Claim 1 5 or 
Claim 16, wherein the reflector is a reflector 
obtained by providing a reflection layer on a sub- is 
strate. 

18. The light diffusion reflector according to Claim 15, 
wherein the light diffusion layer is placed so that a 
direction of a haze-change-axis of the film which 20 
scatters an incident light from specific incident 
angles, is adjusted to a ridge direction of the reflec- 
tor. 
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